INTRODUCTION
Recording tracks left by animals in the snow has long since beer; used in ecological studies for a variety of purposes. Because of the needs of game management in the northern regions, attention has been mainly concentrated on the techniques for counting tracks for estimating numbers and density of the animal population (e.g. Formozov, 1932; Nasimovic, 1963; Dzięciołowski, 1976; Kuzjakin, 1979) . These methods were also employed to study migrations and certain forms of the animals' activities (feeding, searching for prey, sheltering, and reproductive activity-e.g. Fuller & Robinson, 1982; Mech, 1966) , and also fluctuation of numbers over a cycle of several years (Pulliainen, 1981) . Recently increasingly greater use has been made of material collected by this method to estimate winter preferences and the degree to which habitats are utilized by predatory and larger herbivorous mammals (Erlinge, 1977; Fuller & Robinson, 1982) , and also to chart penetration intensity by the isorithmic method (Goszczyński, 1981) .
The purpose of the present studies was to define the degree to which different habitats are used by mammals. On this basis an attempt was made at evaluating the role of the group of bog habitats for mammals occupying the natural' river valley. Winter tracking at the same time made it possible to supplement the list of mammal species living there, by animals not so far revealed by the method of standard captures (Raczyński et al., 1983 ; Raczyński et al., in print).
STUDY AREA
The glacial Biebrza valley (the valley formed by the glacial outwash in the area which is now Biebrza river) is situated in NE Poland and is divided into three basins (Fig. 1) . The studies were carried out in the group of habitats forming the bog physiocenosis of the Biebrza river valley. This area, 300,000 ha in extent, is characterized by the occurrence over a very large area of a group of low peat bogs in which there is a continuous (over the greater part of the area)) peat-forming process (Pałczyński, 1975 The snow cover persists in the valley for an average of 104 days a year (Krzywonos, 1965) . During the study period, the 1978/79 winter was distinguished by an exceptionally deep snow cover about 80-100 cm which lay for a long time, which most certainly affected the activity of some species of animals (cf. section 5).
An important factor affecting the habitats in which animals live in thej valley is the autumn flooding of rivers, which results is sedge communities being covered by water or ice throughout the winter.
METHODS
In February tracks were counted during 4 successive winters from 1977-1980, in all three basins of the glacial river valley, while the snow cover persisted. Tracking routes (usually different) -were arranged so that they intersected 
RESULTS
Over the whole area of the glacial valley of the Biebrza river the presence of 13 species of mamals was established (Table 1) . Tracks most frequently recorded were those of the hare Lepus europaeus Pallas, 1758 -on an average A = 3.13 -i.e. one track per about 300 m of observation route. The second species in order of frequency of encounter was the roe deer -Capreolus capreolus (Linnaeus, 1758) with an index of 2.26 (that is, 1 track per about 400 m of observation route), then in turn the red fox -Vulpes vulpes (Linnaeus, 1758) -A = 2.16 and the mooseAlces alces (Linnaeus, 1758) with an index of 2.01. In the last two cases 1 track occurred per 0.5 km of route. Among more frequently encountered species was also the stoat -Mustela erminea Linnaeus, 1758, with an index A=1.26 (i.e. 1 track per 800 m of route). Other species -the weasel -Mustela nivalis Linnaeus, 1766, the common polecat -Mustela putorius Linnaeus, 1758, the pine marten -Martes martes (Linnaeus, 1758), raccoon dog -Nyctereutes procyonoides (Gray, 1834), the wolfCanis lupus Linnaeus, 1758, the red squirrel' -Sciurus vulgaris Linnaeus, 1758, the wild boar -Sus scrofa Linnaeus, 1758 and the red deer -Cervus elaphus Linnaeus, 1758, penetrate the Biebrza valley to a far lesser extent (A ==0.31-0.02).
In addition to these 13 species of mammals, the beaver -Castor fiber Linnaeus, 1758 and otter -Lutra lutra (Linnaeus, 1758) were also found to occur. The presence of some less well documented species in respect of distribution in Poland (stoat, weasel, polecat, pine marten, raccoon dog, otter and beaver), determined on the strength of tracks, traces of feeding and visible traces of other activity, was taken as suf-ficiently proved by these criteria to warrant recording their stations. They added to the zoogeographical site data from the Biebrza valiey which are given on maps of the species mentioned in the UTM grid (Pucek & Raczyński, 1983).
Penetration by Mammals in the Valley
Recording tracks of the different species of mammals makes it possible to study their distribution in the various habitats of the valley. In addition, the use of the penetration index made it possible to compare the intensity of their movements within the types of habitats described (Fig. 3) .
Tracks of stoats were encountered in almost all biotopes. The main habitats in which it lives are bog willow-birch shrubs and tree stands both on peat beds and hummocks, and among alder woods, clearings and young plantations within continous forest stands (chiefly in bog biotopes). Their tracks indicats the extent of the territory and methods of locating prey either on the surface of the snow or in the burrows of rodents. Through information on the way in which this species moves about under winter conditions (Vershinin, 1972) , it may be taken that our observations revealed types of habitat constituing the winter territory of the stoat in the Biebrza valley. This species avoids the extensive stretches of open sedge communities and also agricultural land and pine forests on mineral soils.
Tracks of weasels were far less often found in the study area. This may be due to the weasel adoptiong a mode of hunting and moving about more under snow than the stoat (Formozov, 1932; Erlinge, 1974) . Winter tracking does not therefore justify a description of the biotope preferences of the weasel. Traces of weasels are more often found in open and overgrown sedge communities than in forest habitats.
Very few tracks of the common polecat were found in the study area. This species has a large number of suitable habitats in the Biebrza valley, and therefore its low numbers may be explained by considerable human pressure (trapping, digging out from burrows). Tracks of the common polecat were most often encountered in alder woods, mixed forests and shrubs growing in various parts of the area such as sedge communities, banks of streams, and hummocks.
Tracks of the pine marten were found chiefly in the forest, most often in mesotrophic bog pine forests (Vaccinio uliginosi-Pinetum, subass. salicetosum cinerae) and in alder woods and wet pine forests with rich undergrowth. In the Biebrza valley the pine marten avoids open areas, dense thickets, and the successive phases of tree stands, if they are situated at a distance from mature forests which form its retreat.
The otter was not assessed for frequency of occurrence, on account of the random encounter of its tracks on the ice of frozen rivers. Recording stations of the otter during winter tracking and in other periods is therefore of faunistic importance only.
The red fox is a common predator in the community of bog habitats of the valley. Its traces are concentrated in oakhornbeam forests and on hummocks, which in winter during flooding and freezing of sedge communities form the refuge of small mammals (Raczyński et al., 1983) . It only penetrates the sedge communities, undergrowth and banks of rivers to a slight degree.
The raccoon dog was only sporadically encountered, which makes analysis of habitat preference impossible. It is known from literature (Heptner et al., 1967; Nowak, 1971 ) that the raccoon dog inhabits bog habitats and deciduous forests. Its secretive nocturnal habits and limited activity in winter, account for the fact that its numbers and ecological role in the Biebrza valley remain unknown.
The woif at the present time has permanent retreats in the Biebrza valley near the "Czerwone Bagno" and "Grzędy" reserves. The glacial valley of the Biebrza is situated in the breeding range of this species in north-eastern Poland (Buchalczyk, in print). The concentration of tracks in the oak-hornbeam forest (A=0.71, Table 1) applies to the "Długi Grąd" range in the southern basin of the valley. In 1979 during a snowy winter wolves hunted there for weak roe deer and left numerous tracks round fresh prey and carrion. Other traces were found on the paths along which wolves had passed in both open areas and wooded land in different parts of the vall'ey. Original data on movements and hunting of wolves in the middle and lower basin of the Biebrza have been given by Trokowicz (1980) . The red squirrel, although leading principally an arboreal way of life, leaves a sufficient number of tracks in snow to make it possible both quantitatively and qualitatively to establish its presence. In the group of valley habitats the greatest density of tracks was recorded in pine forests (A = 0.78), and a slightly fewer number in bog pine forests (A=0.66). Probably the squirrel finds more food there in winter in the form of pine and spruce seeds than in habitats with a predominance of deciduous trees. It does not enter swampy areas, and consequently birch stands and hummock with tree stands are far less frequently visited and its tracks are only sporadically found in alder woods.
The European hare penetrates into swampy areas and traces of this species are found open sedge communities. Maximum frequency of traces connected with feeding are, however, found in clearings and young plantations (A= 15.43) and in pine plantations >10 years old (A = 6.70). It was less often encountered in reed beds and although alder woods. It only sporadically visits enclaves of habitats suitable which are situated in extensive open sedge communities.
The wild boar finds retreats in the Biebrza valley in the extensive forest areas and pine plantations >10 years old on mineral soils. Considerable frequency of tracks occurred in the mesotrophic complexes of bog pine forests in the upper basin of the Biebrza valley ("Skieblewo Bog") and in mixed forests in different parts of the valley (Fig. 3) . Additional observations show that in winter wild boar readily feed in bog forest complexes and on hummocks with a large proportion of fruiting oaks.
The distribution of the roe deer in the glacial Biebrza valley is determined by the stretches of wooded land on the boundaries of the valley and the mosaic of tree stands and bushes in swampy areas. The roe deer can thus be considered an inhabitant of wet habitats, although its density in this part of the area may be greatly reduced during exceptionally snowy winters. Within the study period this situation took place in February 1979. Traces of roe deer feeding were most often found in deciduous forests, conifer forests and in birch bushes, and also in clearings where there was a greater supply of browse. With a thin snow cover roe deer feed in herds in open sedge communities, where they are able to dig through the snow to reach herb plants and grasses. During this time they make use of slight elevations and even scanty undergrowth as places for resting and lying down while ruminating.
Tracking shows that the red deer avoids bog habitats in the Biebrza valley, and this has been confirmed by information obtained from the local forestry service. It is encountered only in the upper basin of the Biebrza adjoining the Augustów Forest. Tracks of red deer were found in mixed forests and in bog pine forests. Neither retreats of red deer nor tracks of individuals passing through were found in the dense stretch of conifer forests extending along the belt of dunes from Osowiec to Kolonia Nowa Wieś in the lower basin of the Biebrza.
The moose is a typical representative of ungulates in the bog landscape of the Biebrza. Moose tracks were most often encountered in bog willow-birch shrubs and tree stands, in pine forests with rich undergrowth and in clearings and young pine plantations. These results agree with the winter distribution of moose in the swampy part of the valley determined by means of aerial observations (Gębczyńska & Raczyński, 1983a 
Habitat Differences of Penetration
Classification of the 16 habitats distinguished was made on the basis of density of tracks (Fig. 4) . Habitats most intensively penetrated include: bog pine forests, bog willow-birch shrubs and tree stands and pine forests with rich undergrowth. It must be emphasised that the leading position of bog pine forests is due to the fact that this group is represented chiefly by the mesotrophic variant of bog pine forests. These are habitats in the successive phase of tree stands, readily used by ungulates (wild boar, moose, roe deer, red deer) and penetrated by predators (pine marten, red fox, stoat and others). Typical bog pine forests are not sufficiently represented in this class since their main complex -"Czerwone Bagno" was omitted from tracking. In the distribution of habitats examined, the mesotrophic bog pine forests were situated in the neighbourhood of the Augustów Forest, which undoubtedly had a modifying effect on the species composition of mammal community (presence of red deer, intensity of penetration by predators).
Bog willow-birch shrubs form the successive phase of birch and alder tree stands and exhibit some characteristics of forest habitats -i.e. appearance of forest species of rodents (Raczyński et al., 1983) . The greatest number of tracks of roe deer, moose and stoat were found there (cf. Fig. 3 ).
Pine forests with rich undergrowth grow on mineral soils and are richer biotopes than dry pine forests. They form the main winter retreats of moose and roe deer. They are penetrated by 7 species of larger mammals, of which the most common are the moose, roe deer and pine marten. In respect of proportion in the observations routs these were only small sections of the area (total 6 km).
The following forest habitats form a separate group of biotopes: bog al'der forests (Carici-elongatae-Alnetum) and bog birch forests (Betuletum pubescentis verrucosae), oak-hornbeam forests, clearings and pine plantations, mixed forests and pine forests of different age classes.
Bog alder forests and bog birch forests, which were more numerous on the observation routs, on account of their zonal distribution, constitute places through which the numerous paths of animals lead, as they penetrate from the margin to the open valley. This explains the large number of species (n=ll) encountered there (Fig. 4) . Penetration shows that alder forests form a permanent and preferred habitat for such predators as: common polecat, pine marten and stoat, while herbivores make only small use of bog alder forests vegetation in winter.
Oak-hornbeam forests, al'though only forming small enclaves among bogs, are an important place from the ecological aspect in which animals feed. The relatively rich food supply, in the form of browse, constitutes a common characteristic of oak-hornbeam forests and clearings and plantations in pine forests. The later, however, exhibit greater intensity of penetration by roe deer, moose and hares (cf. Tab. 1). Oak-hornbeam forests in the valley also attract predators (stoats, red foxes) hunting ;330 for small rodents. The intensity of penetration by the wolf is undoubtedly due to the density of ungulates (roe deer) in these habitats.
Hummocks with shrubs and tree stands -together with dense alder undergrowth -represent the next group of habitats exhibiting considerable similarity to oak-hornbeam forests, both the physionomic aspect and in results of analysis of penetration. Proof of the use made of such stands as a winter food supply by ungulates are the deformed, dwarf forms of oaks, limes and shrub species, on which roe deer browse every year and from which moose strip the bark. Dense willow thickets occur in patches in open sedge communities and form belts along ditches, streams and river beds (Table 1, habitat no. 3 and 16). Patches of undergrowth are penetrated chiefly by predatory mammals, but are also browsed on by hares and to a lesser degree by ungulates.
Rivers would appear to play a different ecological roie. These are primarily the penetration paths of predators searching for prey in the rushy zone and on elevations (often not flooded) of the banks of the rivers Biebrza and Ełk and the Woznawiejski Canal. The banks of rivers and streams form the typical habitat of the weasel and places of penetration by the common polecat, stoat and red fox. Streams remaining free of ice are inhabitated by the otter, which finds favourable living conditions there (the natural character of the river, numerous old water courses, meanders and rush biotopes with an abundance of fish). The otter population in the valley, however, is subject to the limiting influence of man, as the result of specialized poaching.
The sedge communities and the cultivated areas situated on the margin of the valley are penetrated by mammals to a minimum degree only (Fig. 4) . As the extensive open sedge communities become colonised by bushes, they are penetrated more by carnivores. Figure 5 illustrates the degree to which predatory mammals and deer make use of the given habitats of the valley. The community of predatory mammals of the valley chiefly penetrates the typical bog alder forests and bog birch forests, oak-hornbeam forests and bog pine forests, bog willow-birch shrubs, the banks of rivers and streams. Among least preferred habitats are the open sedge communities, cultivated fields and the boundary zones between alder beds and sedge communities. This last habitat in fact forms a poorly representative sample, on account of the relatively short length of the observation route.
Penetration of the given area by predators is usually the result of their activity in searching for prey. Larger predatory mammalswolves or red foxes, having a large penetration range, cover a large number of habitats in their territory, which are often situated at considerable distances from each other. The most frequently used routes are the banks of rivers and streams, which is not fully reflected in the number of tracks, on account of the plan of observation routes used for these studies. Wolves often use both roads and paths (Trokowicz, 1980) . Smaller predators, e.g. the common polecat, and stoat, make smaller movement and betray by their tracks the location of their winter territories.
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The ungulate mammals are represented by deer. They prefer bog willow-birch shrubs and tree stands and pine forests with rich undergrowth. The other habitats, such as mixed forests, bog pine forests and dry pine forests, together with clearings and plantations and also oakhornbeam forests -were penetrated to a much lesser degree. The movements of ungulates are determined chiefly by feeding requirements, the result of which is greater density of tracks in habits with abundant and easily accessible browse, which is preferred by these animals. Bog willow-birch shrubs and successive birch undergrowth meet these conditions, particularly in the middle basin, and are intensively used by moose. These habitats are characterized by high penetration indices, like coniferous forests (Table 1) . It must, however, be borne in mind that these two types of habitat are not identically represented in the present studies.
DISCUSSION
Even when tracks are counted in the same area, comparison of penetration indices for different animals is not valid on account of the way in which different species move about. In our studies indices were calculated individually for each species in different habitats (cf. section 3). Comparisons in the habitats were made taking into consideration the degree of variation of the penetration index specific to the species. For instance, small predators -the weasel and stoat, are highly specialized in their food requirements and prey on small mammals, chiefly voles (Pulliainen, 1981) . This specialization determines their distribution in the valley on higher ground in peat beds, which are occupied by rodents when the water level rises. Larger predators such the red fox, with a wider food spectrum, are not so closely connected with particular habitats, which is shown by the considerable dispersion of peneration (Fig.  3) . At the same time, however, winter observations shown that most of the red fox earths are situated on the dry hummocks in the bog.
Winter penetration of the area by large ungulate mammals is differently conditioned. In winter they form herds wandering in search of food. Their potentially greater mobility cause ungulates to pass through habitats which are not suitable, but which lie on the route of their movements. The probability of such a situation increases with the zonal distribution of habitats in the valley. It would appear that the places of winter distribution of deer are mainly connected with the possibility of feeding. In the valley it is possible to discount the effect of supplementary winter feeding and disturbance due to human activity. Fuller & Robinson (1982) have drawn attention to differences in habitat selection between predators and deer under winter conditions. A factor causing differences in the winter movements of ungulates is the depth of the snow cover. According to Cederlund et al. (1980) , the mobility of roe deer and moose is limited by snow deep enough to reach chest height of the animals (respectively 50 and 105 cm). Variations in the animals' diet are revealed with depths of snow cover far below the critical value for the species. During the period of our studies it was only during the winter season 1978/1979 that the snow cover exceeded critical values for roe deer, reaching a depth in February of about! 80-100 cm. According to Verescagin & Rusakov (1979) snow cover 30 cm deep is enough to cause serious disturbance in the composition of the roe deer's diet and causes exhaustion. Extremely weak roe deer were encountered during the winter of 1978/1979 on hummocks, and tracks in the snow pointed to their limited locomotor activity and failure to obtain food from beneath the snow. During this period no traces of moose were found in the lower basin of the Biebrza in the swampy part of the valley. These facts were confirmed by later observations from the air, when it was found that intensity of the moose's migration from bogs to young pine plantations on the mineral bank of the valley were conditioned, inter alia, by the depth of the snow cover (Gębczyńska & Raczyński, 1983a) .
The type and intensity of winter penetration of the Biebrza valley by different species of mammals is a process with both general and specific conditioning. Among general factors we may include the population density of the given species, particularly in cases when this is subject to considerable fluctuation. For instance, data obtained by us on habitat selection of the hare in the valley relate to the period of depression in the numbers of this species over the whole region ofi north-eastern Poland (Raczyński, unpubl.) .
The specific ecological conditions of the valley are also responsible for the distribution of the winter penetration of mammals. The upper basin of the Biebrza is strongly influenced by the Augustów Forest, an extensive area of wooded land with suitable habitat for both red deer and moose. The red deer's penetration of the valley is limited to its margin in the area of the upper basin and includes the biotope of mesotrophic bog pine forests. These complexes are in contact with the Augustów Forest through other wooded areas. It was found that red deer do not go far into peat beds and do not use the valley as a migration route to suitable forest habitats, situated in other parts of the Biebrza valley. It may in addition be a case here of red deer avoiding bog habitats and competition between moose and red deer in a forest habitat. The results of such influences in the Białowieża Primeval' Forest have been described by Wróblewski (1927) . Interchange of the Biebrza population of moose and these living in the Augustów Forest have not so far been examined. The pattern of seasonal migration of moose found in different parts of the valley (Gębczyńska & Raczyński, 1983a) , suggest the possibility of interchange of individuals or even the existence of a common population.
The seasonal migration of moose in the valley apply to two types of habitats: peat beds where the animals remain during the growing season and young pine plantations on mineral soils, which are occupied in winter. Habitat selection of moose in the valley has been described in detail by Gębczyńska & Raczyński (1983a, b) . The fact must be »emphasized that movements in the two parts of the valley at no great distance from each other -the lower and middle basins -differ! considerably in pattern and intensity. A larger number of moose in the middle basin remain in bogs in the winter and feed on bog willow-birch shrubs. Although the vegetation and bog habitats of the lower and middle basin are similar, there is a different pattern of winter movement, and the majority of the local population migrates to nearby pine forests (Gębczyńska & Raczyński, 1983a) . It would appear that the decisive factor in its migrations is the amount of the natural food and its; availability during the winter. The spatial distribution of habitats richer in winter food may determine the direction and range of these migrations. In this sense the habitat preference of large ungulates may be modified by the specific ecological structure of the whole area.
